The aim of the present study is the immunohistochemical assessment of tumor progression markers (E-cadherin, β-catenin, CEACAM-1 and PTEN) in primary cutaneous melanomas and their correlation with prognostic factors. Method: Primary lesions in patients with cutaneous melanoma were recorded as to clinical data (age, gender, location and metastases) and anatomopathologic data (Breslow, Clark level, margins, histological type, mitosis, ulceration, regression, satellitosis and TIL type). It was made a comparison between immunohistochemical expression of the markers and prognostic and anatomopathologic factors. Results: Breslow thickness was > 1 mm (thick) in 21 patients (48.83%) and ≤ 1 mm (thin) in 22 (51.16%). There was a higher CEACAM-1 positive expression in thick melanomas than in thin ones (p = 0.002). There was a more frequent E-cadherin (p = 0.008), β-catenin (p = 0.001) and PTEN (p = 0.005) positive expression in thin melanomas than in thick ones. There was a more frequent CEACAM-1 positive expression in superficial (p = 0.003) and deep (p = 0.002) samples of thick melanomas than in thin ones. No statistically significant differences between clinical and histopathological data were found when comparing patients with (n = 6) and without metastasis (n = 15). Discussion and conclusion: There was a higher positivity for E-cadherin, β-catenin and PTEN in thin melanomas, whereas there was a higher positivity for CEACAM-1 in thick melanomas. (Breslow, nível de Clark, margens, tipo histológico, mitoses, ulceração, regressão, satelitose (p = 0,002). 008),001) e PTEN (p = 0,005) J Bras Patol Med Lab • v. 46 • n. 2 • p. 111-118 • abril 2010 
Introduction
Cutaneous melanoma is one of the most aggressive neoplasms; it is responsible for 75% of skin cancer deaths and its incidence is increasing, particularly among the white population (28) . The aggressive nature and increasing incidence of this neoplasm together with the absence of an effective cure for disseminated melanoma, underline the importance of estimating the risk of progression of the disease and hence determining a prognosis for these patients, particularly at the time the diagnosis is made (11) .
While clinical and histological data about primary cutaneous melanomas provide useful prognostic information, the clinical course of this neoplasm may be unpredictable and additional factors are required to predict its evolution (18) .
Recently, advanced molecular biology techniques have made it possible to identify molecular markers, that are the subject of investigations aimed at establishing a correlation between their expression and current prognostic factors, survival rate and the risk of progression and metastasis in melanoma patients. The characterization of new proteins involved in the genesis, development and progression of melanomas helps to identify both patients who have a risk of a worse prognosis and potential therapeutic targets that might help in the treatment of these patients (9) . The authors' hypothesis was therefore that the expressions of tumor progression markers, such as epithelial cadherin (E-cadherin), β-catenin, carcinoembryonic antigen-related cell adhesion molecule 1 (CEACAM-1) and phosphatase and tensin homologue deleted on chromosome 10 (PTEN) could help predict the prognosis for these tumors. In other words, the hypothesis was based on the fact that there might be a correlation between these biomarkers and the aggressiveness of primary cutaneous melanoma.
Cadherins are calcium-dependent transmembrane glycoproteins that mediate cell-cell adhesion. E-cadherin is involved in the melanocyte-keratinocyte interaction (24) . Loss of E-cadherin expression has been related to progression and metastasis of cutaneous melanoma (19) .
The protein β-catenin links E-cadherin to the cytoskeleton, playing an important role in cellular adhesion (15) . It has been described that the loss of β-catenin expression was associated with an aggressive behavior of melanoma and it contributed to progression of the disease (3, 13) . CEACAM-1 is a cell adhesion molecule, whose expression in primary cutaneous melanoma has been associated with subsequent development of metastasis (25) .
The tumor suppressor gene PTEN has been shown to play an important role in the pathogenesis of a variety of human cancers and it has been proposed that PTEN is involved in melanoma tumorigenesis and might also play a role in melanoma progression (29, 30) .
The aim of the present study was to assess the expression of tumor progression markers E-cadherin, β-catenin, CEACAM-1 and PTEN in surgical specimens of primary cutaneous melanomas using immunohistochemical techniques on tissue microarrays and determine the correlation between this expression and the current histopathological and clinical prognostic factors of this tumor.
Materials and methods
The lesions studied were from patients of both sexes and all age groups who had primary cutaneous melanoma and had been operated on between 1997 and 2005 in the Surgical Oncology Unit at the Hospital Nossa Senhora das Graças, Curitiba, Paraná. Exclusion factors were a prior incisional biopsy, insufficient sample size and in situ melanoma.
The clinical variables evaluated were age, sex, location of the lesion and presence or not of metastasis (nodal or systemic). For the patients which information about the clinical follow-up was available, it was at least of 2 years. The histopathological variables were the Breslow index, Clark level, mitotic count per 10 high power fields (HPFs), ulceration, histological regression, satellitosis and tumor-infiltrating lymphocytes (TIL). Melanomas were considered thick if Breslow index was over 1 mm and they were considered thin if Breslow index was equal to 1 mm or less. The patients were divided into those with thick and those with thin tumors. TILs were classified as brisk or nonbrisk. The markers used were mouse primary monoclonal antibodies against E-cadherin, β-catenin, CEACAM-1 and PTEN.
Immunohistochemical analysis was carried out after histological slides had been prepared by the tissue microarray (TMA) technique. Three TMAs were prepared, of which two were from specimens from thick melanomas -one superficial specimen, close to the epidermis, and one deep specimen, from a deeper portion of the tumor in the dermis -and one from specimens from thin melanomas. The following primary antibodies (Novocastra T, Newcastle upon Tyne, UK) and specifications (class and dilution) were Immunohistochemical reactions were considered either positive, when there was characteristic staining, or negative. The characteristic staining for E-cadherin, β-catenin and CEACAM -1 was cytoplasmatic staining. For PTEN, nuclear and/or cytoplasmatic staining was considered positive.
The distribution pattern of the positive samples consisted of the following categories: diffuse, when the reaction extended over more than 25% of the assessable sample and focal, when it extended over less than 25%.
Statistical analysis was carried out using Student t test, Mann-Whitney U test, Pearson chi-square test and Fisher exact test (p value statistically significant difference with p < 0.05).
This study was approved by the ethic committees at the Pontifical Catholic University of Paraná and Hospital Nossa Senhora das Graças.
Results
Fourty-three cases of primary cutaneous melanoma were divided into thick melanomas: 21 patients (48.83%); and thin melanomas: 22 patients (51.16%).
The results of the clinical and histopathological variables for thin and thick melanomas, as well as a comparison between the two groups, are shown in Table 1 .
In the group of patients with thick melanomas, followup was available in eight patients and metastasis (nodal or systemic) was present in four (50%). In 13 cases, follow-up was not available.
In the group of patients with thin melanomas, follow-up was available in 13 patients and metastasis was present in two (15.3%). In nine cases, follow-up was not available.
Median Breslow index (p < 0.001), presence of ulceration (p = 0.02) and mitotic count per 10 HPFs (p = 0.04) were higher in thick melanomas.
The results for the immunohistochemical variables in thick and thin melanomas are shown in Tables 2 and 3 . The immunohistochemical assessment from each marker is illustrated in Figures 1 to 4 .
When we compared immunohistochemical results for global positivity in terms of thin and thick melanomas, we observed that positive CEACAM-1 tests were more frequent in thick melanomas than in thin ones (p = 0.002). However, when we compared immunohistochemical results for global positivity in terms of thin cases and deep or superficial portions of thick melanomas, we observed that: a) positive E-cadherin (p = 0.008), β-catenin (p = 0.001) and PTEN (p = 0.005) tests were more frequent in thin melanomas than superficial sample of thick ones; b) positive CEACAM-1 tests were more frequent in superficial (p = 0.003) and deep (p = 0.002) sample of thick melanomas than thin cases; and c) positive β-catenin tests (p = 0.03) were more frequent in deep sample of thick melanomas than in superficial portions.
When we compared immunohistochemical results for diffuse pattern in terms of thin cases and deep or superficial portions of thick melanomas, we observed that: a) the diffuse pattern of E-cadherin (p = 0.001) and CEACAM-1(p = 0.01) were more frequent in the thin cases than in the superficial samples of thick melanomas, and were more frequent also (p = 0.02 and 0.005 respectively), in the deep samples of thick melanomas than superficial portions; b) the diffuse pattern of E-cadherin (p = 0.01) also were more frequent in the thin melanomas than deep portions of thick cases.
When we compared immunohistochemical results for focal pattern in terms of thin cases and deep or superficial portions of thick ones, we observed that the focal pattern of CEACAM-1 was more frequent in the superficial sample of thick melanomas than the deep portions (p = 0.01).
When we compared patients with (n = 6) and without metastasis (n = 15), in terms of clinical and histopathological data, no statistically significant differences was observed in the present study with either gender, age, location of the primary lesion, Clark level, mitotic count per 10 HPFs, ulceration, regression, satellitosis or TILs type. The Breslow index was higher in the patients with metastasis (median = 2.50 mm) than in the patients without metastasis (median = 0.56 mm) with a p value = 0.03.
When we compared patients with (n = 6) and without metastasis (n = 15), in terms of immunohistochemical data, no statistically significant differences was observed in this present study with either E-cadherin, β-catenin, CEACAM-1 and PTEN. However, the diffuse pattern of E-cadherin in the thick melanomas (superficial portion) showed a tendency to be more frequent in the cases without metastasis (p = 0.09). Also, the global positivity of PTEN in the thick melanomas (superficial portions) showed a tendency to be more frequent in the cases without metastasis (p = 0.06). 
Discussion
The literature indicates that there is a greater incidence of both thick and thin melanomas in males. The area most affected in men is the trunk and in women is the leg, and the incidence of this neoplasm peaks in the sixth decade of life (14) . However, no statistically significant relationship was observed in the present study with gender, patient age or location of the primary lesion. Metastasis were more frequent in thick melanomas, which is in agreement with the literature, that considers the Breslow index to be the most important prognostic factor in cutaneous melanoma (5) . Analysis of the Clark level shows that levels II and IV were most frequently found in thin and thick melanomas, respectively, besides no statistically significant differences. This result is in agreement with those of Balch et al., who found that 84% of thin melanomas are level II or III and that less than 1% is level IV (4) . The results for the mitotic count per 10 HPFs agrees with the literature, as the mitotic frequency in the present study was greater in thick melanomas than in thin ones (p = 0.04) (7, 14) . Ulceration was considerably more frequent in thick melanomas than in thin ones (p = 0.02), a finding that also agrees with the literature, according to which the incidence of ulceration increases with tumor thickness (4) . Lastly, brisk TILs were more frequent in thin melanomas and nonbrisk TILs more frequent in thick ones, besides no statistically significant differences, corroborating the data in the literature (8) .
Positive immunohistochemical results (global positivity) with CEACAM-1 were more frequent in thick melanomas than in thin ones (p = 0.002), even if we compare superficial (p = 0.003) and deep (p = 0.002) portions with thin cases. However, the diffuse pattern of CEACAM-1 was found more frequent in thin melanomas than in the superficial portions of thick ones (p = 0.01) and was found more frequent in the positive deep portions of "thick" cases than superficial ones (p = 0.005). We conclude that the expression of CEACAM-1 is stronger in the invasive edges of the tumor, in its deeper portions. As other studies have already shown, this adhesion molecule may play a role in the migration and invasion of melanoma cells and, consequently, may indicate bad prognosis. Thus, increased CEACAM-1 expression appears to be related to a greater incidence of metastases. In multivariate analyses correlating tumor thickness with other histopathological prognostic parameters, it has been suggested that positivity for CEACAM-1 is an independent risk factor for metastasis (6, 25) . In this study, the increasing of global positivity of CEACAM-1 correlated with increasing of thickness of melanoma cases, but not with the presence of metastasis.
With regard to the immunohistochemical profile of E-cadherin, the global positivity for this adhesion molecule was found more frequent in thin melanomas than in the superficial portion of thick ones (p = 0.008), but not when we compared the thin ones with deep portions of thick ones (p = 1) or, even if, we compared the thin ones with thick cases (p = 1). Eventually, the diffuse pattern of E-cadherin was found more frequent in thin melanomas than in the superficial (p < 0.001) or deep (p = 0.01) portions of thick ones. However, the diffuse pattern of E-cadherin was found more frequent in the deep portions of thick melanomas than the superficial ones (p = 0.02). These results are unexpected, since the literature indicates that there is an inverse relationship between E-cadherin expression and tumor thickness and that its high expression may have relationship with good prognosis (2, 13, 17, 22) . However, previous studies of this biomarker showed that its expression is heterogeneous in cutaneous melanomas and that loss of E-cadherin expression is not a universal characteristic or indicator of tumor progression (13, 21) . We believe that the E-cadehrin expressed in edge of the tumors may be nonfunctioning and others studies already indicated that the fact that this molecule is being expressed does not mean that it is operating normally, and it should also be born in mind, that melanomas express new cadherins and that functionally altered neoplastic melanocytic cells may produce a factor that induces E-cadherin expression (16, 19, 23) . In this study, the increasing of positivity of E-cadherin correlated with decrease of the Breslow index of melanoma cases. Besides that, the diffuse pattern of E-cadherin has shown a slightly tendency to be more frequent in the cases without metastasis (p = 0.09) and good prognosis.
Beta-catenin global positivity was found to be greater in thin melanomas than in the superficial portion of thick ones (p < 0.001). Besides that, a statistically significant difference in global positivity in superficial and deep portions of thick melanomas was observed (p = 0.03), with the increasing of global positivity correlating with the increasing thickness. In the present study, only cytoplasmic staining of β-catenin was evaluated. The analysis of cytoplasmic versus membranous staining, as reported by others authors (27) was not performed in our study and none of our specimens showed nuclear staining, as previously reported (3) . These last findings disagree with the majority of articles reviewed by the authors, which describe a reduction in β-catenin expression as tumor thickness increases and that suggest that the loss of this adhesion molecule plays a role in tumor progression (3, 15) . This difference in expression and the conflicting results could be explained by various factors, such as tumor heterogenicity itself, differences in the way specimens are prepared (different fixation times) and the fact that antibodies are sourced from different laboratories.
As with E-cadherin and β-catenin, the frequency of fields positive for PTEN was higher in thin melanomas than in the superficial portion of thick ones (p = 0.005). These data agree with the literature, which relates increased tumor thickness to reduced PTEN expression and bad prognosis. Other studies also suggest that the reduction in the expression of this marker, that plays a role in apoptosis mechanism, is a late event and therefore relate it to the progression of the neoplasm (10, 26, 29) . In this study, the decrease of global positivity of PTEN correlated with the increasing of thickness of melanomas. Besides that, the global positivity of PTEN in the thick melanomas has shown slight tendency to be more frequent in the cases without metastasis (p = 0.06) and good prognosis.
The tissue microarray technique has been already used to evaluate molecular markers in cutaneous melanoma, and it has already been demonstrated that this technique allows the evaluation of innumerous samples simultaneously (1, 12, 20) . But it is important to emphasize that, in our study, the use of this technique could also be considered a limitation factor, since only one sample of tumor was used for each TMA. This may explain conflicting results, because only a small portion of tumors were analyzed and the heterogeneity of melanoma is very well known.
Conclusion
The increasing of global positivity of CEACAM-1 correlated with increasing of thickness of melanoma cases, but not with the presence of metastasis. The increasing of positivity of E-cadherin correlated with decrease of the Breslow index of melanoma cases. Besides that, the diffuse pattern of E-cadherin has shown a slightly tendency to be more frequent in the cases without metastasis and good prognosis.
Beta-catenin global positivity was found to be greater in thin melanomas than in the superficial portion of thick ones. Besides that, a statistically significant difference in global positivity in superficial and deep portions of thick melanomas was observed, with the increasing of global positivity correlating with the increasing thickness.
The decrease of global positivity of PTEN correlated with the increasing of thickness of melanomas. Besides that, the global positivity of PTEN in the thick melanomas has shown slight tendency to be more frequent in the cases without metastasis and good prognosis.
